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Different authcrs have rcpor ed ot living cells trecied with ribo-
nuclease (Rilase) underwent imporicot chin-es in grov*h and r=tabolisem: eggs
of amphibians (6,20) ard sea urchirs (lo) oocytes of starfisa (2), amoebas
(3,4), Bacillus meraterium (13), onioa roct cells (1,1h), tissue culture
cells (8) and cancer cells (i8,23).

The observed effects procduced by Riase in different cells have led
to the belief that the enzyme can peastrate through ccll merbrancs. Vhen-
ever cells are not affected by the enzyne, it is assumed it did not.penetrate
into the cell.

We havz alreacdy briefly repcried (21) that Riase does not produce an
effect - detectable vy cytochemiczl or biochermical rethods - in cells of

bone marrow rz2adily penetrated by Riase. Yet, Riase activity in treated
cells was much higher than in untreated control cells.

In order to verify these facts and to explain thenm, if possible, we
investigated the ebsorption in vitro of Rilase by cells of bone warro+ and
Ehrlich's ascites tumors.

* Research Scientist, approved by the Belgian National Fund for Sciecntific
Research

%% Chief of Research, Belgian .lational Fund for Scientific Research.
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MATERTALS AND METHODS

Ascites Tumor Cells - Cells of Ehrlich's ascites tumor were irplanted
in stock mice. After 6-1L days, the tumor cells were removed and used.

Bone Morrow Cells - Cells were removed from the femur and tibia of
young rats, l-3 months old, mixed in a homogenizer containing the following
incubation mecium: NaCl 0.85% 15 ml, glucose 5 ml(36 ug/ml in PO, buffer,
M/10, pH 7.2). The cells were separated ard suspended by centrifugation at
2000 rpm for 2 minutes.

Ribonucleic Acid (RNA) - The substrate used for testing Rliase at
different concentrations was prepared fron fresh yeast by the method of Kay
and Dounce (15). Experience showed that highly polymerized RNA was indis-
pensible for obtaining accurate results with low concentrations of Rllase.
The substrate was dissolved in acetate buffer 0.2i, pH 5.0.

Ribonuslease (RNase) - Riase purchased from Armour Co. was used in
these experiments. The Riase was labeled with 131I, according to the method
of Francis et al.(1l). After seven comsecitive dialyses (for 6 hours against
a large arount of water) contamination was practically sbsenwu: chromato=
hy and eleatrophoresis on paper iadieated the Padideeliviiy was tniquely

] ‘caléged in the protein. Specific radioactivity of RNzse-+31I was about
1.5 counts/min/mg. The RNase-131I was diluted 6 to 20-fold with fresh
RNase (armour) in order to obtain the proper level of radiocactivity.

Incubation of Cells in the Presence of RlNase - Ascites twmor cells
(in their normal plasma) and bone marrow cells (suspended in the_ glucose
medium described above) were incubated in the presence of Riase-131I under
mechanical agitation at 37°C.

Extraction of RNase - After incubation, the cells were washed three
times with a large volume of NaCl solution 0.9%. Riase-131I was extracted
with H,50, N/15 at 0°C for one hour. An aliquot was removed in order to
determine the protein content of the entire suspension by the method of
Lowry et al. (25).

The suspension in sulfuric acid was adjusted to pH 5.0 with dilute
RaOZ, contrifuged and the supernatant was tested for enzyme activity.

Measurement of RNase Activity - Incubation was at 25°C. Samples were
tested after 2, 12 and 22 minutes. RNA not hydrolyzed by RVase was precipi-
tated with a mixture of ethanol and glacial perchloric acid 10f. Precipita-
tion was at O°C for 45 minutes. The suspension was centrifuged; the super-
natant was decanted and tested. Its UV spectrum was determined spectro-
photometrically and the difference in absorption between 260 and 300 :i¢
was measured. The values were plotted as a function of the incubatioa tem-
perature. The straight portion of the slope was used 10 measure Rilase
activity.




Mezsurcrent of Radiozctivity - Cells, incubated with Riase-131I,
were waghed Three Uires with & ico.e volus: of :iaCl solution 0.9%, suspended
in water and deposited on glass plcncieis. Tnese were dried in & slream of
warn air apd their radicactivity wos reasuwred with a Geiger counter. The
glass planchets were dropped into o known volume of NaCl 0.1 N and the pro-
tein was determined by the method of Lowry ei 2l. (25).

Autoradiography -« A thin layer of cells, 6/( thick, or sections were
placed on agar layers prepared with Ilford G § agar, according to the
method of Ficq and Gastovo (10) for sections about 100 ) A thick (counts of

1311 are longer than those of 14C).

RESULTS
1. Influence of the Concentration of Extracellular Rilase
Bone Marrow Cells - In Figurc 1, resulis are shown obtained by deter~

mining the enzymic activity of bone marrow cells after incubation with Rliase,
2 or 10 mg/ml of suspended cells.

It mpy be seen the intizl veloecity of absorption was greater vaen
the concentration of R¥ase was higher in the external mediun. ter 60
minutes of incubation, & maximum was ettained and the initizl Riase content
of the cells was doubled. In Figure 2, results are shoyn obtaired by nea-
suring the radiocactivity of cells incubated with RNase-+31T, 2 or 10 mg/ml
of suspended cells. Similar results were cbtained by both methods.
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Fig. 1. Penetration of RNase into Fig. 2. Penetration of Riase-+311
bone marrow cells incubated with into bone marrcw ceclls incutated
Riase'2 or 10 mg/ml of suspended with RNase, 2 or 10 mz/ml of sus=-
cells. pended cells.

Ascites Tumor Cells - In Figures 3 and L there are shown the effect
of two concentrations of RNase, 2 and 10 mg/ml of suspended cells, or the

-3~




rate of enzyme acsorption by the ascites tumor cells, removed 1% days after
implantation. It ruyr be secen, abscrption was faster when the concentration
of the enzyme was high2r in the external medium.
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Fig. 3. Penetration of Rilase into Fige %. Pepstration of Riase~

ascites tumor cells as a function of
the concentration of RNase, 2 and
10 mg/ml of suspended cells, and as
a function of incubation teipera-
ture 09-35°C.

1311 into ascitcs tumor calls
a6 & funciica of th2 concantra-
tiou of the enzyme, 2 and 10
ng/ml of suspended cells, and
es a function of incubation
‘texperature 09-35°C.

In Figure 5 there are shown the resulis of the absorptica of Rlase-
1311 by ascites tumor cells removed from implanted tumors zfter 3 days
(young cells, a), 14 days (middle-aged cells, b) and 21 days (old cells,c).
It may be seen from the graph young cells abvsorbed Rliase very rapidly and
in large amounts, while in old cells relatively little enzyme was absorbed
apd the process was greatly slowed dowvm. Also, one may note that after a
very marked and very fast initial increase in radiocactivity an abrupt decrease
occurred and the values approached those ovtained with the oldest cells.
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Fig. 5. Penetration of Riase~ 31T
! (2rg/ml of suspended cells) into
ascites turor cells reroved f{rom
tusors of different ages: a-cells
removed from 3-Cay old tumors; b=
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Examination of the autoradiocraphs obsaired from the 6 &4 inick layer
of residue of ascites turmor cells or seeilicns coafirmad the resulis chicined
by reasuring radioactivity with a Ceizer cougber: youns eells gove 0.42+0.07
counts/ccll after 5 minutes and 0.2L+ 0.0l aiter 30 midutes of incuoatiocn.

2. Effect of Temperature on Rilase Absorpiioa

Bone Marrow Cells - Vhen the eazynic activity of Rifasc in cells incue
bated between 0P ana 37°C was measured, it was found the absorpiion of the
enzyme was not influenced by the tengperature.

Ascites Tumor Cells - Just as with Toae marrow cells, ascites twadr
cells absorbed ruase at the sare rate at 0°C as they did at 37°C. 45 long
as the Riase concentration in the external mediuz was greater by 8 mz/mi,
more enzyme was absorbed at 37°C than at 0°C. Tais is chown ian Figures 2,3
and 6. The autoradiographs of the cells incubated with Riase-131I, 2 rg/ml
of suspended cells, showed there was no difference between tne cells incu-
bated at 0°C (0.21 * 0.01 counts/cell) and cells incubated at 37°C (C.z22*
0.01 counts/cell).

3. Estimating the Surface Contamination of the Cells

The electrons ermitted by 1317 produce very long counts near the
jonization minimm (at least, at the point of particle emission). We were
unable to localize with great precision the point of emission of the par-
ticles in the interior of the ascites tumor cells, which have an averase
diameter of 124{, by means of nuclear emulsions. Therefore, we were unzble
to detect by autoradiography that portion of Rilase that was bound to the
¢ell membrane and that portion which penetrated into the cell. This is the
reason why we decided to determine the amount of Rilase absorbed on th2 cell
surface by measuring the loss of enzymic activity of the suspension after
washing the cells and separating cellular and cytoplasmic debris after
crushing the cells in a sucrose solution.

Ascites tumor cells were incubated at 37°C for 20 minutes in tae
presence of Riase, 2 mg/ml of suspended cells. After incubation, the gells
were washed with- NaCl solution 0.9% under :zitation. An aliquot was
removed for the determination of Riase activity and the rest ol the suspen=-
sion was centrifuged. Cells were washed 1ith fresh NaCl solution 0.95.

This operation was repeated six times. After the Tth washing, the rernain-
ing cells were crushed in a sucrose solution 0.25 If by r2ons of a Teflon-
coated piston homogenizer driven by a motor. The homogenste was centriluged
at 8000 g, the residue was again dissolved in sucrose solution and ceatri-

ﬁ)ged at 6000 e

Microscoplic examination revealed the residue corntained entire cells,
not ruptured, and fragments of the cell nenbranc. The supernatant coatained
suspended cytoplasmic constituents. Rliase activity of the residue was com-
pared with a similar residue obtained at the start of the experiment, using
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the same sample of cells, but not incubated with Riase.
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Fig. 6. Effect of Rliase concentra-
tion in the incubation medium on
the amount of enzyme which pene-
trated the cell after 5 minutes
between 0° and 37°C.

Fig. T. Effect of the nwiber of

tunor cells incubated with Riase.

@ enzymic activity of eglle wefore
incubation; o-enzymic activity of
cells incubated for 20 minutes at
37°C with Riase 2 mg/ml of sus-
pended cells; & enzymic activity of
rerbranes obtained from centrifuged
houogenized cells.

It may be seen in Figure 7 that two to three wa;shings sufificed to
eliminate RNase loosely bound to the cells. Also, it may be seen the cellu-
lar debris were not richer in RNase than the cells not treated with the

enzyme: the most important RNase activity cccurred in the cytoplasm of the
cells.

DISCUSSION OF RESULTS

Penetretion of the Enzyme into Cells - Our results showed that Rilase
(mol. wte 13,000) was capable of passing through cell merbranes and of pene=-
trating into cells of bone marrow and ascites tumors. In fact, the measure=-
pent of RNase activity in membranes and in the cytoplasm of disrupted cells
indicated that the activity was the same whether or not the cells were
incubated with RNase., However, in the latter case, RNase activily was
three times stronger in the cytoplasm.

Mechanism of Penetration - The results which we obtained from
studying the effect of temperature on the penetration of Rlase into cells
confirmed, again, the observations made by Brachet et al. (5) and Schumaker
(27) with amoebas and those made by Easty et al. (9) with ascites tumor
cells. The first mentioned group of authors demonstrated that the tempera-
ture did not affect the rate of penetration of the enzyme, while the szcond
group observed, on tie contrary, that the rate was more rapid at 38.507 than

-8 -
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at 189, Our results indicated that the terperature had ro effect on the
penetration of Rilase as long as its concentratioa in the medium wos suffi-
ciently high. Obviously, the mechanism of peretration of Riase is corplex:
it is possible that Riase in low concentrations penetrates simply by diffu-
sion, this process being influenced by the ileuperature, while at nigher
concentrations penetration occurs because of cell merbrane activiity through
pinocytosis. This process was described by Lewis (2L), Mast and Doyic (26),
Holter and Marshall (22) in tissue cultures and armoebas, and it kad been
observed in ascites tumors by Easty et al {G). It is probable thst the
rembrane transport is more rapid wier tae cunzyme is more conccatrated.

The quantity of Riase which penetraied into ascites tumor cells varied
strongly with the age of the tumor. This sugports the notion that scveral
mechanisms are involved in order +o assure *the penetration of the enuyme.
Cells removed from a recently izmlanted twacr (1-3 days 0ld) absorved, in
some instances, great amounts of illase which was rapldly returned to the
medium, while cells from a T-12 day-old twuncr absorbed Wase slower, but
more steadily.

When the results are compared with those obtained by Chapman-
Acdresen and Prescott (7) with amcebas, it must be admitted that Riase pene-
trated only by pinocytosis into younz celis and by diffusicn into old cells.

Effects of the Concentration of the Enzyre on Cellwler lctabolism -
Our experirents furnished an explanation of data reported earlier by oue of
us (L.L., 17) which showed that the effcet of Riase on “he metabolism of
ascites tumor cells depended directly on the age of the suspeasion used:
in young suspensions, the extracellular Rizse produced a drop in INA con-
tent and very rapid lysis of the young cells. In suspensions of older
cells, ar important synthesis of RNA was noted and the celludar lysis was
different. .

Depending on the level of intracellular concentration of RNase attained,
the effects produced by the enzymz were different. Whnea the initial content
was not more than double there was no effect or only a small effect {aged
cells). On the contrary, vwhen the content was increased 2-30-fold, 3INA
synthesis occurred (as observed in middle-aged ascites tumor cellss.

Finally, when the cells absorbed too much Rilase, the RNA content fell.rapidly

and the cells lyzed (especially young cells).

RNase added to the medium produced effects which depended sirmlta-
neously on the concentration of the enzyme in the mediun and on its initial
concentration within the cell. It was noted that a quaatity of added Rilase
produced a much greater effect when the cells subjected to its action had
a below normal RNase content. Also, we know (19,22) that cancer cclls, in
general, have a rmch lower RNase content then analogous normal cells.

This phenomenon might very well be ccoused by the sclective action of
RNase on tissues of an animal carrying a solid tumor: it was observed that
only the cancerous tissues were penetrated by RNase.
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SUMMARY

The absorption of RNase by ascitec turor cells and bore rarrov cells
was followed by measuring enzymic activity and the radioactiviiy of cell
suspensions incubatel in the rresence of euzyne labeled with 1347,

Owr experiments indicated that the enzyme penetrated into the interior
of the cells and that the rate of peretration depended on the conceniration
of RNase in the medium.

The penetration of the enzyme into ascites tumor cells was nol
affected by terperature as long as the concentralicn of Rllase in the exter-
nal medium did not exceed a certain threshold value. These facis suggested
that several mechanisms-diffusion, membrane activity, plinocytosis-~ all
differentially influenced by temperature, racilitate the penstration of
RRase into the cell.

In the light of these new results, the effects ol Riese oo the metab-
olism of normal and cancerous cells were dlccusscd.
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